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Abstract　This study examines the impact of the developed hands-on teaching 
materials on pupils’ science knowledge, and attitudes toward science investigation. 
The study involved 149 sixth grade pupils from one public elementary school in the 
Philippines. Prior to and at the end of the instructional intervention, pupils were given 
questionnaires. The results show that the developed hands-on teaching materials 
eﬀ ectively improved pupils’ knowledge about convection concept, and generate positive 
attitudes toward science investigation. The results also indicate that pupils enjoyed 
doing inquiry actions like posing a question, making a hypothesis, planning and carrying 
out the procedure, recording their observations, making conclusions and sharing ideas 
with classmates. The ﬁ ndings in this study also provide evidence that the developed 
hands-on teaching materials are feasible and effective method for teaching air 
convection to sixth grade Filipino pupils.
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Ⅰ．Introduction
　The term hands-on generally mean any activities where students have direct 
experience with materials or phenomena. Examples of these activities include 
experiments, observations, measurements and other activities where students have 
ﬁ rst-hand contact with objects/phenomena. 
　Previous studies suggest that science teaching, especially in elementary grades, 
should involve hands-on activities. Many science teachers are convinced that providing 
this type of activities is the best way to teach children the concepts of science. 
Consequently, this method has become an integral part of science instruction.
　In the Philippines, the use of this approach is limited. This is because hands-on 
instruction relies heavily on supplies and equipment. In many public elementary schools, 
learning materials such as books and science equipment are either unavailable or 
inadequate and teacher’s manuals to guide teachers teach more effectively are 
insuﬃ  cient as well （Marinas, 2000）. The ﬁ ndings in our previous research indicate that 
teachers face added challenges such as large class size and pressure of covering the 
entire textbook content （Oyao and Fujita, in press）. This state of affairs prompts 
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teachers to use other teaching methods like lecture and demonstration.
　In this paper, we aimed to develop hands-on teaching materials to describe one 
approach as to how teachers can overcome the stumbling blocks to providing hands-on 
activities. The complementary goals of this study are to implement the developed 
teaching materials in actual classroom in the Philippines and to explore its impact on 
pupils’ science knowledge and attitudes toward science investigation. 
Ⅱ．Development of hands-on teaching materials 
Ａ．Reasons for selecting the air convection concept 
　Air convection is an interesting phenomenon that involves the movement of air 
because of the diﬀ erences in temperature. Teaching this concept in the Philippines is 
done through reading the explanations in the book and listening to teacher’s lecture. 
This is due to the fact that there is no existing hands-on activity reflected in some 
grade 6 science books （e.g. Science and Health: A Textbook for Grade Six; Science for 
Active Learning 6 , Science Spectrum: Work text in Science & Health 6 and Into the 
Future: Science and Health 6） commonly used. 
　This lack of hands-on activity may lead pupils to ﬁ nd it diﬃ  cult to understand and 
visualize air movement because air is invisible. Consequently, there is a tendency that 
they find it difficult to comprehend other phenomena that can be explained by 
convection in air such as wind, breeze, tornadoes and thunderstorms. 
　By examining other sources, they recommended hands-on activity about convection 
in air but the materials needed are bulb, glass pane, and aquarium. These materials 
may not be readily available in many classrooms and maybe expensive when bought. 
Also, the making of the set-up to observe convection takes a lot of time and eﬀ ort on 
the part of the teacher and pupils. Therefore, teachers have the tendency to avoid 
carrying out this type of activity in their science instruction.
　In this paper, we attempted to develop hands-on activities that will enable children 
visualize convection through the use of inexpensive and readily-available materials. 
Ｂ．Hands-on teaching materials on air convection
　The Philippine Elementary Learning Competency （PELC） in Science contains the 
contents and their objectives. As stated in the PELC, the lesson on convection has the 
following objectives:
　　ａ．to explain how heat travels
　　ｂ．to show evidence that heat travels by convection 
　The PELC did not indicate any speciﬁ c instructional method for teaching convection 
in air. However, it is strongly emphasized that the ideal teaching-learning process 
should be interactive which means that there is mutual interaction between the teacher 
and students, between the students themselves and between the students and the 
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instructional materials （Department of Education, 2002）.
　These points were taken into consideration during the development of the hands-on 
teaching materials on air convection which involve paper spiral and convection jar 
activities as shown in Figures １ and 2. 
　Paper spiral activity involves the twirling of the 
paper spiral when placed above the lighted candle 
due to the movement of warm and cold air. This 
behavior of air is invisible but its existence can be 
confirmed by conducting this activity. Pupils’ 
interest will be aroused as they observe the 
twirling of the paper spiral and they will begin to 
think what causes it to twirl. Thus, this paper 
spiral activity is eﬀ ective and useful to introduce 
the convection concept.
　The convection current that causes the twirling 
of the paper spiral is still invisible. But this 
phenomenon can be made visible through the 
convection jar activity. This is appropriate to 
perform because it allows pupils to witness 
convection current as they observe the path of 
smoke inside the jar. This experience will 
reinforce their understanding about the concept.
　The paper spiral activity should be used as an 
introductory activity while the convection jar 
activity is used to visualize the movement of 
warm and cold air that causes the twirling of the 
paper spiral. Hence, it is not advisable to reverse 
the order of the activities.
　Detailed lesson plans for these two hands-on 
activities were developed to guide teachers in 
implementing them in actual classroom （see Project study by Oyao, and Fujita, 2009）. 
Ⅲ．Method
Ａ．Participants
　This study involved 149 sixth graders （60 boys and 89 girls） from three sections in a 
public elementary school in the second district of North Cotabato, Philippines.
　It also involved two female science teachers who were requested to use the 
developed teaching materials in their science class. Their teaching experience ranged 
from 4 to 5 years. One teacher had earned a Master’s degree in Education and the 
Figure 1　Paper Spiral Activity
Figure 2　Convection Jar Activity
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other has taken units in the same ﬁ eld. 
Ｂ．Classroom Instruction
　The lesson about convection typically begins at the late part of the year. Therefore, 
pupils have not studied this concept and not been exposed to any hands-on activities.
　Prior to the instruction, the two science teachers were provided with the lesson plans 
and the necessary materials. Pupils were divided into five groups with about nine 
members.
　Initially, the participating teachers followed the given lesson plans regarding the 
conduct of the activities: paper spiral and convection jar. In the following example, the 
teacher （T） and pupils （P） interactions are presented before doing the paper spiral 
activity.
T:  I have here a paper spiral tied on a thread. Can you think of a way to make it 
twirl? 
P: I can make it twirl by moving my hand that holds the paper spiral.
P: I can make it rotate by blowing or touching it.
T:  Okay. The paper spiral will move with the methods you mentioned. This 
morning, we’re going to think of the way on how we can make the paper spiral 
rotate without touching or blowing it. I am going to give you the hands-on 
planning form to record your responses.
T:  In the planning form, you are asked to state the question that we are going to 
investigate. Could you tell me the question that we should answer in today’s 
activity?
P: How can we make the paper spiral twirl?
T:  Please write it down in your planning form. Then, discuss in your group the 
hypothesis that gives the temporary answer to your question as well as your 
reasons. 
T:  The materials you will use are paper spiral, candle, match, thread, clay, and 
scissors. Using these materials, make your plan now to answer the question: 
How can we make the paper spiral twirl?
　During the planning, the pupils in each group discussed with the other members 
about the steps they will need to take to answer the question. The teacher guided the 
pupils by probing throughout this stage. Figure 3 shows a sample of the group’s output. 
　Other groups made diﬀ erent steps from the given sample. For instance, holding the 
paper spiral by the thread above or beside the candle without light and beside the 
lighted candle.  The teacher then suggested to each group to try placing the paper 
spiral on diﬀ erent locations of the lighted candle and on the candle without light. 
　When each group was ready to perform the activity, materials were distributed and 
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pupils followed the steps they have listed on their planning form （number 4）. Figure 4 
shows a group of pupils doing the paper spiral activity. All the members observed the 
movement of the paper spiral when placed above the lighted candle. 
　After they performed the hands-on activity, they were asked to discuss their 
observations and conclusions. Then, each group reported their findings to the whole 
class. 
　The teacher facilitated the discussions regarding the results of their activity to 
promote better understanding by giving some questions like “What causes the paper 
spiral to twirl when it is placed above the lighted candle?” or Why is it that the paper 
spiral didn’t twirl when placed at the side of the lighted candle and when placed above 
or on both sides of the candle without lighting it?”. The teacher also related the lesson 
to real-life situation by talking about the lightweight litter spiraling up into the air.
　The second hands-on activity, convection jar, was implemented similar to the paper 
spiral activity. The teacher asked series of questions to guide pupils in posing the 
question, making the hypothesis, and planning the steps. 
　During the planning stage, it was observed that some groups were confused on the 
uses of the cardboard and incense. Overall, the pupils couldn’t make the expected steps 
to observe the convection current. Therefore, the teacher explicitly guided the pupils 
on what they would do with the materials. Through discussions, the pupils came up 
with four diﬀ erent set-ups they would need to be able to observe convection current as 
Figure 3　Hands-on Science Activity Planning Form on Paper Spiral Activity
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shown in Figure 5. 
　On the ﬁ rst and second set-ups, pupils would put smoke from the incense on the jar 
without lighting the candle and with the lighted candle. The third set-up would be 
putting the cardboard at the middle of the jar, sitting the candle without light on one 
side and placing the smoke from the incense on the other side. The fourth set-up is 
similar to the third one except that the candle would be lighted. 
　After the procedure was made clear to the pupils, they were given the materials and 
performed the four set-ups. Figure 6 shows a group of pupils observing the movement 
of smoke from the incense when placed to one side （without the candle） and on the 
other side was the lighted candle.
　Each group discussed their observations and conclusion and wrote them in their 
planning form. Then, they reported their ideas to the whole class. Pupils’ responses 
Figure 4　 Pupils observe the movement of the paper spiral 
when placed above the lighted candle
Figure 5　Diﬀ erent set-ups on convection jar activity
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were varied so the teacher used the diagrams showing the four set-ups to discuss about 
the movement of smoke inside the jar and related the concept to real phenomena such 
as wind and breeze.
　The implementation of each activity took place on a 120-minute period. In ordinary 
science class, instruction usually takes place on a 60-minute period daily. The ‘one hour 
diﬀ erence’ can be attributed to the nature of the developed teaching materials where 
the pupils, having always been taught the traditional way, need more time to generate 
their own question, plan the procedure, carry out investigation, analyze the information 
based on their observation, draw conclusion, and report ﬁ ndings.
Ｃ．Instruments for Data Collection
　Three instruments were given to the participants of this study. The ﬁ rst instrument 
is the pretest-posttest which is used to measure pupils’ knowledge about the convection 
concept. It contained two sections. The first section is a multiple-choice test which 
consisted of ﬁ ve questions. The other section is free word association test where pupils 
have to write words related to the given or test words （e.g. warm and cold air）. 
　The second instrument is the science attitudes questionnaire which composed of ten 
items about diﬀ erent actions that take place during science class. This instrument aims 
to gain understanding of pupils’ personal preferences and interests before and after the 
use of the developed hands-on teaching materials. 
　The third instrument is a questionnaire about pupils’ evaluation to the intervention 
instruction which consisted of 4 sections. The ﬁ rst and fourth sections asked pupils to 
assess their whole science class using the developed hands-on teaching materials as 
either interesting or boring and difficult or easy. The second and third sections 
comprised of inquiry actions that students are asked to do in relation to their hands-on 
investigations presented by the National Science Education Standards （ 2000 ）. These 
inquiry actions are:
Figure 6　Pupils observe the movement of smoke inside the jar 
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１）posing questions;
２）planning investigations;
３）making predictions;
４）making observations;
５）using tools to gather, analyze, and interpret data;
６）proposing answers, explanations, and predictions;
７） examining books and other sources of information to see what is already known; 
８）reviewing what is already known in light of experimental evidence; and
９）communicating the results
Out of these actions, seven were included in the questionnaire and pupils were asked to 
rate the degree of diﬃ  culty or ease for each action. 
Ⅳ．Results
Ａ．Pupils’ knowledge on convection in air
　The quantitative results shown in Figure 7 reveal the percentage of pupils who gave 
correct answers to the multiple choice test in the pre- and post-tests.
　The data indicate that there is an increase in the percentage of pupils who got the 
correct answers in the post-test results in almost all of the questions, except item 5 , 
after participating in the intervention instruction. The wide percentage diﬀ erence was 
observed in question 3. This is actually because the two hands-on activities performed 
by pupils as well as the use of illustration to describe convection current facilitate 
better understanding about the diﬀ ering behavior of warm and cold air.
　However, it is observed that the percentage of pupils who selected the right answer 
in question 5 in the post-test is lower compared to the pre-test. It might be that more 
Figure７　Results of the pre- and post-tests
1. Why does warm air rise and cold air 
sink? 
2. Which picture shows the arrangement 
of molecules for cold and warm air?
3. Which of the diagram shows convection 
current?  
5. Which is an example of heat transfer 
by convection?  
4. Why does convection occur? 
0 10 20 30 40 50 60 70 80 90 100
Percentage
Pre-test Post-test
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pupils found difficulty to relate their knowledge of convection to real situation even 
after the instruction.
　In addition to the multiple choice test, the pre-post tests included a qualitative 
component that could support the quantitative findings. This consisted of word 
association test where pupils had to write any words that came to their mind about 
warm and cold air.
　The pre-test results reveal that pupils made 106 associations for warm air and 90 for 
cold air. After the instructional intervention, the post-test results indicate that there is 
an increase on the number of words given, from 106 to 137 for warm air and from 90 to 
106 for cold air. Those associations that directly relate to the answers in the multiple 
choice test were presented and discussed.
　Table １ shows the associations on the test word: warm and cold air. The numbers 
are percents of total associations given in pre-test and post-test. 
Table 1　Word associations for warm and cold air
Warm air Cold air
Associations
Pre-test
（%） 
Post-test
（%）
Associations
Pre-test
（%）
Post-test
（%）
hot 45.5 58.1 sink  9.8 35.7
rise 10.5 39.2 cold  35 32.2
light  0.7 20.3 goes down   0 12.6
warm 14.7 11.9 heavier   0  9.1
heat  8.4 10.5 wind 10.5  8.4
high
temperature
 6.3 10.5 breeze  2.8  6.3
molecules  0.7  9.1 molecules  0.7  4.9
goes up 0  8.4 sea breeze  1.4  3.5
sea breeze  0.1  3.5 land breeze  2.1 0
land breeze  0.1  2.1
wind  5.6  0.7
Total
Associations
 106 137
Total
Associations
 90 106
　As can be seen from the table, prior to the instructional intervention, some pupils had 
knowledge about the movement air as they used the word rise to associate it with 
warm air and sink to cold air. This prior knowledge helped them in identifying the 
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right diagram demonstrating the convection current. After the intervention instruction, 
these associations have been shared by more pupils based on the posttest results. 
Additionally, some pupils had given other related words they learned about warm and 
cold air after the instruction such as goes up and goes down which were not mentioned 
in the pretest but occupied 8.4% and 12.6% respectively in the posttest. These ﬁ ndings 
provide additional explanation for the high percentage of pupils who answered question 
3 correctly in the multiple choice test.
　Other results reveal that few pupils had knowledge about the density of air prior to 
the intervention as they related light to warm air and nobody associated heavier to cold 
air. But the post-test results manifest that more pupils made similar association. This 
ﬁ nding further supports the increase in percentage of pupils who selected the correct 
answer in question 1 of the multiple choice test during the post-test.
　The data also reveal that pupils associated warm and cold air to breeze, land and sea 
breeze and wind during pre- and post-tests. These terms are caused by the movement 
of warm and cold air. Recall that in question 5 of the multiple choice test, the result 
shows the low percentage of pupils who chose the correct example of convection 
current. One explanation for this ﬁ nding is that very few pupils associated warm and 
cold air to land breeze which was the right answer in question 5.
　Results also show that pupils had provided a word that is a repetitive association of 
the test words （warm and cold air） as they have written warm and cold . But the 
percentage decreases in the post-test which may signify that some pupils had given 
new words they learned after the instruction such as goes up , heavier , goes down 
which were not mentioned in the pre-test but occupied 8 . 4 % , 9 . 1 % and 12 . 6 % 
respectively in the total associations during post-test.  
Ｂ．Pupils’ attitudes toward science
　Figure 8 shows the mean scores of pupils in the pre-post intervention instruction 
survey about their interests or preferences in science on a 1-to 5-point Likert scale （1 = 
I dislike very much; 2 = I dislike; 3 = Neither; 4 = I like; and 5 = I like very much）. 
　It is observed that in all the items, there is an increase in the mean scores of pupils 
during the post intervention instruction. When t-test was computed, it is found that this 
observed mean diﬀ erence is statistically signiﬁ cant on six items. These are items 1 （t
（3.92）=137, p<0.01）; 2 （t（3.44）=137, p<.01）; 3 （t（6.74）=135, p<.01）; 4 （t（2.28）=137, 
p<.05; 7 （t（4.84）=137, p<.01; and 10 （t（4.14）=137, p<.01）. Among these items, it is 
noticeable that there is a wide mean diﬀ erence on items 3, 7 and 10. This suggests that 
the developed teaching materials generate positive attitudes as evidenced on the 
increase preference of pupils for using materials or objects, thinking of the question 
they want to investigate, and talking about the plan or procedure with their classmates. 
　Pupils also have expressed more preference on doing activity with their classmates, 
and making observations or experiments （items 2 and 4 ） as revealed in the posttest 
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results. On the other hand, they also favored more to listening to the lecture of their 
teacher. This increased preference to lecture indicates that pupils were interested to 
listen to the explanations of their teachers about some concepts that they ﬁ nd confusing 
or diﬃ  cult to understand during their hands-on investigation.
Ｃ．Pupils’ evaluation to the intervention instruction
　Figure 9 shows the results of the ratings of pupils about their assessment of their 
science class using the developed hands-on teaching materials. 
　It shows that most of the sixth grade elementary pupils found their science class as a 
whole interesting. It was evident to this researcher from observations made during 
Figure 8　Mean results of pupils’ interests or preferences in science
10.Talking about the plan or procedure with my
classmates  
8. Following the procedure made by the teacher 
9. Doing an activity where I don’t need to think of 
  a question because the teacher already made it 
1. Listening to the lecture of the teacher 
2. Doing activity with my classmates 
3. Using materials or objects 
4. Making observations or doing experiments 
5. Reading my science book 
6. Watching my teacher demonstrate an activity 
7. Thinking of a question I want to investigate
1 2 3 4 5
Mean 
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*
*
*
**
* 
* 
Figure 9　Results of pupils’ evaluation to the intervention instruction
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instruction that pupils were cheerful, took interest in the materials being presented and 
actively engaged in doing the hands-on activities. 
　The graphical presentation in Figure 10 provides specific information into which 
inquiry actions that occurred during their science investigation pupils ﬁ nd interesting.
　The data indicate that pupils were interested in doing all the listed actions. Among 
these actions, nearly all pupils had expressed interest on the seventh item which is 
sharing their ideas with their classmates. This is because pupils may feel a greater level 
of comfort talking with their classmates in groups about their ideas rather than having 
them talk individually to the whole class. This group interaction makes learning a team 
eﬀ ort, thereby not placing a single pupil in a situation where he/she feels discomfort of 
not giving the right answer or not being able to explain well.
　When pupils were asked to rate the degree of diﬃ  culty of their science investigation 
as a whole, they expressed a divided position as reﬂ ected in Figure 11.
　Recall that, it was the ﬁ rst time for pupils to ask question, make hypothesis, and plan 
the procedure before they could do the hands-on exploration. In addition, the lesson 
Figure 10　 Results of pupils’ evaluation to their actions during their science 
investigation
Boring Neither Interesting
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3. Planning the procedure 
4. Carrying out the plan 
5. Recording the observations 
6. Giving a conclusion 
7. Sharing ideas with classmates 
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Figure 11　Results of pupils’ evaluation to the intervention instruction
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took place during the early part of the school year. Therefore, pupils couldn’t make a 
lot of comparisons about their science learning which made more pupils undecided as to 
either their science investigation is diﬃ  cult or easy.
　In Figure 12, the ratings of pupils showing whether each action is easy or diﬃ  cult are 
presented. 
　Overall results show that more pupils stated that it was easy to share their ideas 
with their classmates （item 7）. This is because during the group work pupils could talk 
freely and could use their home language. Other group members could help translate 
their ideas into English. More pupils also found that recording observations （item 5 ） 
was easy for them. This is due to the fact that group members helped each other in 
doing this task.
　In other items （e.g. 1 , 2 , 3 , 4 , 6）, it is observed that there is a marginal diﬀ erence 
between the percentage of pupils who rated diﬃ  cult and easy. This can be attributed to 
their limited experience doing these inquiry actions. 
Ⅴ．Discussion and Implication
　The results of this present study indicate that the developed hands-on teaching 
materials eﬀ ectively improved pupils’ conceptual understanding about convection and 
generate positive attitude towards science investigation. 
　Prior to the use of the developed teaching materials, the participating teachers 
expressed that their pupils might find difficulty in posing the question, making the 
hypothesis, and planning the procedure due to their limited experience of doing these 
actions and English proﬁ ciency. The ﬁ ndings indicate that pupils were able to do these 
actions and enjoyed doing them as well which means that the developed teaching 
Figure 12　 Results of pupils’ evaluation to their actions during their science 
investigation
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materials are feasible and eﬀ ective method for teaching convection to sixth-grade pupils.
　The hands-on explorations and the different inquiry actions performed by pupils 
during their science investigations oﬀ er a prescriptive method for not only improving 
their science knowledge or understanding but also raising their linguistic abilities. This 
is because the hands-on activities allow pupils to have direct experience with the 
materials and phenomena and the various actions provide more opportunities for pupils 
to communicate ideas with their classmates. These aspects facilitate better 
understanding of the science concept and help develop English grammar and 
vocabulary as well as their expressive skills.
　It is suggested to include English proficiency in future studies to determine the 
degree to which linguistic limitations aﬀ ected the manner pupils carry out the diﬀ erent 
inquiry actions in their science investigations.
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